Objective: Negative affect in daily life is linked to poorer mental and physical health. Activity could serve as an effective, low-cost intervention to improve affect. However, few prior studies have assessed physical activity and affect in everyday life, limiting the ecological validity of prior findings. This study investigates whether daily activity is associated with negative and positive evening affect in young adults.
Introduction
Positive affect has been studied less frequently, with some studies demonstrating that self-reported episodes of activity are associated with increased positive affect (Fortier, Guerin, Williams, & Strachan, 2015; Hyde et al., 2011 ; Kanning & Schlicht, 2010; Maher et al., 2013; Mata et al., 2012; Wichers et al., 2012) . This finding is corroborated by two studies showing a within-person association between increases in activity objectively measured via accelerometers and improved positive affect within or across days (Kanning, 2013; Schwerdtfeger et al., 2008) . Moreover, a few studies in everyday life have provided initial evidence that activity is linked to less fatigue (Kanning, 2013; Kanning et al., 2015) .
The present study
To date, only a few studies have provided evidence on the association between activity and negative/positive affect on the within-person level in everyday life. Many of the available within-person studies focus on momentary activity effects (within one day or across only a few days; e.g., Kanning, 2013; Schwertdfeger et al., 2008; Wichers et al., 2012 ) although national and international activity recommendations refer to a daily activity level (i.e., 30 minutes of moderate activity 5 days per week; American Health Association, 2014; European Working Group, 2008) . Whether this recommended daily activity level is associated with improved affect has rarely been studied so far (for exceptions, see Gawrilow et al., 2016) . However, evidence of daily activity effects on affect can help to further promote activity programs. Thus, the present study investigates daily levels of objectively recorded activity across 10 study days.
Regarding the assessment of affect, the effects of activity have mostly been studied for either negative or positive affect (e.g., Gawrilow et al., 2016; Langguth et al., 2016; Maher et al., 2013) . However, subjective experiences and theoretical arguments favour a more nuanced picture of affect beyond just negative and positive 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 affect. For example, Posner, Russell, and Peterson (2005) distinguished between unpleasant-deactivated (e.g., depressed affect, fatigue), unpleasant-activated (e.g., angry, anxious affect), pleasant-activated (e.g., vigor) and pleasant-deactivated (e.g., serenity) affects. The few existing studies assessing both positive and negative affect (e.g., Mata et al., 2012; Schwerdtfeger et al., 2008; Wichers et al., 2012) did not differentiate between unpleasant and pleasant affects of varying activation levels (e.g., angry vs. depressed affect, vigor vs. serenity) or assessed physical activity with subjective reports (Hyde et al., 2011) . By assessing affect in a more nuanced way, the present study extends past results by elucidating how activity is associated with specific affects.
Hypotheses and contributions of the present study
The present study investigated whether objectively assessed moderate-to-vigorous physical activity (from now on referred to as activity) in young adults throughout the day is associated with same-evening affect within persons. We expected more activity than usual on a given day to be associated with less negative affect (i.e., depressed, angry, and anxious affect) and higher positive affect (i.e., vigor, serenity) on the same evening. Moreover, we explored whether more activity than usual on a given day is associated with fatigue.
With these research questions, this study promises to address two main gaps in the current literature. First, the study findings are relevant for informing existing national and international guidelines (American Health Association, 2014; European working group, 2008 ) that recommend daily physical activity although few studies have actually examined the effects of daily activity. Prior evidence is mainly based on crosssectional, longitudinal or intervention studies. By studying the effect of daily physical activity on evening affect, we will further add to the evidence base for these recommendations of daily activity. Second, another novel aspect of our study is the assessment of both positive and negative affect with varying levels of activation.
Investigating the associations between objectively measured activity and specific unpleasant and pleasant affects of varying activation levels will reveal whether and how daily activity can serve as a tool for improving affect and thus, support effective health promotion.
Methods

Design and sample
In this intensive longitudinal study, young adults (N = 189) wore accelerometers and filled out daily diaries over 10 consecutive days 1 . Initially, 192 participants enrolled in the study; three participants were excluded due to technical problems with the accelerometer, non-completion of any diary entries or withdrawal from the study, resulting in 189 participating young adults (71% women, age: Mdn = 23.00, interquartile range = 7.00). The sample was highly educated, with nearly all participants holding a university entrance qualification (94%) and many enrolled as university students (76% received a €5 voucher or university credits for their participation. The study was approved by a national ethics review board (i.e., German Psychological Society).
Procedure
Using an intensive longitudinal design, we assessed activity continuously and affect states with daily evening diaries across 10 consecutive days. On Study Day 1 (i.e., 
Measures
Daily physical activity
This study focused on moderate-to-vigorous physical activity, which was measured continuously with triaxial accelerometers (4.6cm x 3.3cm x 1.5cm; model GT3X+; ActiGraph ®, Pensacola, FL, US) at a sampling rate of 60 Hz. Raw data were band-pass Dirk, & Schmiedek, 2013 ) and with at least four valid days out of eight study days were included in the analyses. When entries were missing, the mean time at which the participant made morning or evening diary entries was taken as the cut-off for the daily accelerometer wear time calculation.
Daily affect
Participants rated their current evening affect 3 using the Profile of Mood States-15
2 Apart from the evening diaries, we also asked participants to fill out morning diaries.
However, the current study focuses solely on evening affect assessed in the evening diaries.
3 Mood refers to "an affective state of long duration, low intensity, and a certain diffuseness" (Frijda, 2009, p. 258) For all affect scales, we computed reliability estimates on the between-person level (i.e., referring to the reliability of individual differences in affect across study days), and on the within-person level (i.e., referring to the reliability of day-to-day affect fluctuations; Shrout & Lane, 2012 including today. In contrast, affect can be seen as "a neurophysiological state that is consciously accessible as a simple, nonreflective feeling" (Russell, 2003, p. 147) . This means that affect and mood can be differentiated by their temporal course. Therefore in this study we refer to affect since we measured current affect in daily life. diary entries. Most participants (92%, n = 173) had a complete set of valid accelerometer wearing days from Study Day 2 to 9. On a valid day, participants wore the accelerometer for 14.12 hours (SD = 1.23) on average. With regard to valid diary entries (i.e., entries with time stamps in line with the study protocol), participants answered on average 7.40 evening diaries out of 8.00 possible entries. In addition, 86%
of participants had at least 7 of 8 valid evening diary entries. On average, evening diaries were answered at 11:00 p.m. (SD = 62 min). In sensitivity analyses, we found no significant correlation above r = .12 (all p > .05) between any one indicator of valid observations and various background as well as daily assessed variables.
Descriptives statistics
To highlight the different levels of aggregation, descriptive statistics are presented in Table 1 near here]
Within-person association between activity and evening affect
Consistent with our hypotheses, we found significant negative within-person associations between activity and depressed as well as angry same-evening affect. On days where participants showed a 60-min increase in activity over their person mean, they also reported less depressed and less angry affect (both γ 12 = -0.06). Surprisingly, more activity than usual was not significantly associated with less anxious sameevening affect.
In line with our hypotheses, we found significant positive within-person associations between activity and vigor as well as serenity in the evening. On days when participants showed a 60-min increase in activity over their person mean, they also reported more vigor (γ 12 = 0.07) and more serenity (γ 12 = 0.10).
Interestingly, more activity than usual was associated with higher same-evening fatigue. With a 60-min increase in activity over a participant's person mean, sameevening fatigue increased by 0.09 points (γ 12 ). Activity was also linked to evening fatigue on the between-person level. Participants who typically engaged in 60-min more activity than others showed 0.29 points (γ 01 ) less evening fatigue on average. In sensitivity analyses, we tested for effects of gender, age and weekday. There were no main effects of these variables in predicting evening affect, nor did they moderate the effects of activity on affect. Thus, we report the more parsimonious models without these covariates in Table 2. [Table 2 near here] 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 60
Discussion
This intensive longitudinal study in young adults showed that daily activity matters for affective well-being and thus supports national and international guidelines (American Health Association, 2014; European working group, 2008) recommending daily physical activity while few prior studies have actually examined the effects of daily activity. Using a strong research design including objectively assessed activity and daily online reports of positive and negative affect, the study found evidence that daily activity is associated with improved affect in the evening at the within-person level. On days when participants engaged in more activity than usual, they reported less depressed and less angry affect in the evening, but not less anxious affect. In addition, participants reported more vigor and more serenity in the evening on days with more activity than usual. Exploratory analyses showed that more activity than usual was linked to more same-evening fatigue.
First, our findings on the anti-depressant and anger-reducing associations of activity corroborate previous evidence from cross-sectional, longitudinal, and intervention studies (e.g., Conn, 2010; Mammen & Faulkner, 2013; Parfitt, Rose, & Markland, 2000; Poole et al., 2011; Puetz, O'Connor, & Dishman, 2006; Rimer et al., 2012) , while often no significant association was found in within-person studies of adults (e.g., Giacobbi, Hausenblas, & Frye, 2005; Hyde et al., 2011; Kanning, 2013 Kanning, , et al., 2015 Liao et al., 2015; Mata et al., 2012; Schwerdtfeger, et al., 2008; Wichers et al., 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 young adults. Thus, physical activity may be further emphasized as a health promotion strategy (WHO, 2006) for managing unpleasant and pleasant affects of varying activation levels. Meeting the daily activity recommendations for physical health can also boost mental health as measured by improved evening affect. Thus, health promotion programs related to increased activity should target young adults, who often experience increased levels of negative affect and lower levels of positive affect (Carstensen et al., 2011; Stone et al., 2010) . This can easily be implemented by, for instance, supporting young adults' regular participation in community and university exercise programs. Furthermore, daily levels of physical activity can be increased via action planning (Sniehotta, Scholz, & Schwarzer, 2005) and self-regulation strategies (e.g., implementation intentions; Stadler, Oettingen, & Gollwitzer, 2009; monitoring and feedback; Prestwich, Conner, Hurling, Ayres, & Morris, 2016 ) that can be tailored to individual needs.
Conclusion
To our knowledge, this is the first study in everyday life with a young adult sample demonstrating that days with more activity than usual were associated with less negative evening affect and more positive evening affect. Results are based on objective assessments of physical activity and on time-stamped online measures of affect, thus extending previous research using self-reported physical activity or paper-and-pencil assessments of affect by presenting a more valid database (Kanning et al., 2013) . In light of young adults' increased risk of experiencing negative affect and low levels of positive affect in everyday life, our findings that persons can potentially influence their affect with activity is highly encouraging. Consequently, increasing young adults' physical activity could represent an important component of health promotion programs related to affective well-being as well as long-term health and may be an easily 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Table 2 . Multilevel models to test the within-person association between activity and evening affect. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
